Sterilization of Pulmonary Ventilators
There are many different pulmonary ventilators in current use, but they really fall into two main classes, bellows machines driven by an external power source and pressure-cycled machines driven by compressed gas. Pressure-cycled machines should present little difficulty in sterilization so it is proposed largely to discuss bellows machines.
Though it took a long time for the need to sterilize ventilators to be generally recognized, I do not think anybody would now publicly advocate the policy of doing nothing. The work of Phillips & Spencer (1965) , later more fully described by Phillips (1967) , demonstrated Ps. aeruginosa infection in ventilators with subsequent infection in patients in a convincing manner.
Early attempts to sterilize bellows machines involved little more than boiling the connecting tubing and the water in humidifiers. The practice of boiling formalin in the humidifier while cycling the machine (Sykes 1964 ) was a considerable improvement bacteriologically, as the vapour would be carried past all valves and into all parts of the machine so that infection could not arise from a residual focus; for instance between the humidifier and the afferent tubing leading to the patient.
The practice of cycling machines while generating a bactericidal gas or vapour which thus penetrates all parts of the machine has persisted, and is a convenient way of dealing with the problem of inaccessibility of large parts of machines. et al. 1964) The bag method was first employed in which a 10% ethylene oxide and 90% CO2 mixture was released at atmospheric pressure into a previously evacuated neoprene bag to which the sterilizing mixture was introduced. The gas concentration was 200 mg per litre and humidification was difficult to control, which meant that the machine had to be exposed to the gas mixture for twenty-four hours, and subsequently cycled to get rid of residual ethylene oxide. Further developments with both formalin and ethylene oxide have occurred: combining low pressure steam with formaldehyde in an autoclave chamber; and using ethylene oxide in a chamber at pressures greater than atmospheric and thus permitting increased gas concentration and a shorter sterilizing time. However, placing machines in a sterilizing chamber presents difficulties, for bellows machines are often large and cumbersome and may be difficult to load; this problem is being overcome in new machines by making the ventilatory parts detachable from the rest. Also it is not possible to cycle ventilators inside sterilizing chambers, so valves have to be dismantled to ensure that the gas reaches all parts of the machine; dismantling is desirable because machines require manual cleaning and servicing between use. Cleanliness is an important factor in satisfactory sterilization practice.
Another approach has been to concentrate upon the areas most liable to contamination. Thus humidifiers were filled with 1/5,000 chlorhexidine which was changed daily (Phillips & Spencer 1965) . Harris et al. (1969) described satisfactory results in controlling infection by using this method together with boiling connecting tubing and wiping down exterior surfaces with an alcoholic disinfectant.
Contemporaneously with the use of formalin, A more extreme example of filling machines ethylene oxide sterilization was developed (Bishop with disinfecting agent was described by Meadows 910 Proc. roy. Soc. Med. Volume 63 September 1970 20 et al. (1968) . They used Resiguard, a liquid disinfectant, which was run into an East Radcliffe respirator and subsequently emptied before reuse. While this method has the merit of extreme simplicity it hardly appears to be the right approach, and difficulties would be experienced with certain other volume cycled machines, not to mention the problem of ensuring removal of all disinfectant from machines at the end of the process.
Another method extends the principle of circulating disinfecting agent throughout the machine while it is being cycled. This uses a nebulizer to create a mist which can then be distributed while the machine cycles. The physical characteristics of nebulized droplets are outlined by Professor Robinson (p 910); for hydrogen peroxide we have now established that an ultrasonic nebulizer is unnecessary. Spencer et al. (1968) described the use of ultrasonically nebulized alcohol in a closed circuit, blanketing the alcohol droplets with nitrogen. The only objection to this method is the possibility of explosion; it would certainly be impossible to use alcohol or isopropyl alcohol safely without nitrogen blanketing. Alternatively, ultrasonically nebulized hydrogen peroxide has been used (Judd et al. 1968 ). Here again there are possible objections and conflicting results. We are quite satisfied that it works with an appropriate nebulizer. However, the fluid is irritant to the hands, and one must be certain that no harm is done to expensive parts of the machine by hydrogen peroxide. Aluminium may be attacked, but the usual effect is to form an anodizing film of oxide on the surface with no further effect. Is there a more suitable disinfecting chemical?
A promising and simple approach to the problem was that of using high efficiency 'Williams filters' (Bishop et al. 1963 , Helliwell et al. 1965 to isolate the machine from the patient, but it seems to have failed due to technical difficulties.
To summarize the current position, for pressure cycled machines attention to humidifiers and tubing is really all that is necessary, and disposable hoses are now available for some machines, for instance that described by Robinson et al. (1969) . For volume cycled machines the problem is somewhat different, the most practical method at the moment being the use of a nebulizer to distribute a disinfecting chemical throughout the machine after use. Future practice should aim at improved machine design in which the ventilatory circuit is readily detachable; there are already examples of this on the market. The ventilatory circuit can then be readily sterilized by autoclaving, ethylene oxide or low temperature steam and formaldehyde, the choice depending on the materials used in the circuit.
Professor John S Robinson (Department ofAnasthetics, University ofBirmingham)
Physical Principles of Mist Sterilization
Successful mist sterilization requires that the halflife period of the droplets and their penetration into the circuit must be adequate so that the most distal parts of the circuit are reached. The lifeperiod of a droplet in still air is primarily dependent upon droplet size. It is pertinent to examine the, droplet sizes produced by ultrasonic nebulizers and by gas-driven Bernoulli-effect nebulizers. The ultrasonic nebulizer used in our experiments produces droplet sizes according to the relationship (Lang 1962):
Count median diameter (p)= 0 34 (8n8/pf2)* where 8 is the surface tension, p the density, f the frequency. When such a nebulizer is used, if the surface tension is low and the density high, very small droplets will be produced. Table 1 sets out the physical characteristics of the four liquids, water, hydrogen peroxide, ethyl alcohol and chloroform. It would be expected that chloroform and alcohol would produce very small droplets of short life.
Droplets in a mist in still air coagulate and precipitate. The time taken for half the droplets to fall out is given by the Smoluchowski theory (Smoluchowski 1916) , the relationship being / (4KTno) (a+09 If) where K is the Boltzman constant, T=KO, a= radius of a droplet, r1=viscosity of the median, and If=mean free path (Davies & Rideal 1963) . It should be noted that the half-life of a droplet cloud is very dependent upon the numbers present. Our measurements of ultrasonic mist density gave water 4-2 x 106/cm3, alcohol 11 '64 x 106/cm3, and chloroform 16-64 x 106/cm3. The dense mists
